The purpose of this study was to investigate the prognostic values of the E/e' ratio and other echocardiographic and clinical parameters in patients with non-valvular atrial fibrillation (AF) with preserved left ventricular (LV) systolic function.
trial fibrillation (AF) is one of the most common arrhythmias associated with clinical morbidity, especially in the elderly population. 1 Cardiovascular disorders such as arterial hypertension, coronary heart disease, dilated cardiomyopathy, and heart failure have been often associated with AF, and the prognosis of AF patients is dependent on the cardiovascular co-morbidity. 2 However, the correlation between AF and clinical outcome is still unclear, especially in patients with preserved left ventricular (LV) systolic function. 3 The presence and degree of underlying diastolic dysfunction might be an important clinical determinant in subjects with preserved LV systolic function. Assessment of diastolic function in patients with AF allows the prediction of clinical outcomes. 4 Among the parameters with diastolic dysfunction, the E/e' ratio of early diastolic mitral inflow velocity (E) and early diastolic mitral annular velocity (e') has been reported to be a useful parameter for estimating LV filling pressure, 5 and has been reported to be a strong predictor of prognosis in various cardiac diseases. 6-8 It has been shown that averaged E/e' also shows good correlation with LV filling pressure in AF. 9 Furthermore, the correlation between E/e' and patient survival was recently exhibited in patients with non-valvular AF with various degrees of LV systolic function. 10 Although E/e' has been shown to be valuable as a predictor of prognosis in patients with various heart diseases 6,11, 12 and AF, 10 its prognostic significance for patients with AF with preserved LV systolic function is still unclear.
This study was performed to evaluate the echocardiographic and clinical prognostic factors in patients with non-valvular AF whose systolic LV function is preserved, especially regarding the degree of LV filling pressure surrogated by the E/e' ratio. 
Doppler Flow and Tissue Doppler Imaging Measurements
Early diastolic mitral inflow velocity (E) was measured using the pulsed wave Doppler method, by placing the sample volume at the level of the mitral valve leaflet tips. The tissue Doppler-derived early diastolic mitral annular velocity (e') was measured from the septal corner of the mitral annulus in the apical 4-chamber view. Deceleration time of early transmitral flow velocity (DT) was also measured. The average of 5 consecutive Doppler signals was used.
Measurement of Biomarkers
Plasma was immediately separated from the blood element by centrifugation at 4°C for the measurement of NT-pro brain natriuretic peptide (BNP) using enzyme-linked immunosorbent assay according to the manufacturer's instructions (Biomedica, Wien, Austria). The minimum detectable quantity of human NT-pro BNP was 5 pmol/ml. The intra-assay and inter-assay coefficients of variation for all enzyme immunoassays were <5% and <10% respectively. C-reactive protein concentrations were determined using a high-sensitivity diagnostic assay (Hitachi, Tokyo, Japan).
Clinical Outcome
The primary outcome was all-cause death. Patients' death and cause of death were identified by a medical record review or telephone contact. Cardiovascular death was defined as death directly related to cardiovascular disease mainly CHF, sudden death, or stroke. Similarly, history of CHF during follow up was identified by a review of the medical record or via telephone contact.
To find the predictors of clinical outcome, eligible patients were divided into 2 groups by E/e' ratio: group A (E/e' ratio ≤15 [n=427]) vs. group B (E/e' ratio >15 [n=61]).
Statistical Analysis
Continuous variables with little skewness are listed as mean ± SD and continuous variables with skewed distribution as me-dian (range). Categorical variables are presented as frequencies and group percentages. Differences between the 2 groups were assessed using unpaired t-test for continuous variables and χ2 test or Fisher's exact test for categorical variables. Values of NT-pro BNP were normalized by logarithmic transformation before they were analyzed. Since the standard error of the mean of NT-proBNP levels was too wide, the Mann-Whitney nonparametric U test was used in the analysis between the survivors and deceased group.
Interobserver and intraobserver variability for mean measurement of early diastolic mitral inflow velocity (E) and tissue Doppler-derived early diastolic mitral annular velocity (e') during 5 cardiac cycles was determined from the analysis of the Doppler-echocardiographic images of 10 randomly selected patients by 2 independent observers. The results were compared with a one-way ANOVA, Pearson correlation coefficient, and Bland-Altman method.
Logistic regression analysis was performed to identify independent predictors of death. Cumulative survival curves during follow up of patients with lower vs. higher E/e' were obtained by the Kaplan-Meier method with a log rank test. The E/e' ratio of 15 was selected by the minimum P-value approach by Log-Rank test. Univariate and multivariate cox proportional hazard regression model was carried out for all-cause deaths. Variables for univariate analysis included sex, age, body surface area, LVEF, LAVI, LVMI, E, e', DT, logNT-proBNP, high-sensitivity C-reactive protein (hsCRP), hemoglobin, E/e', E/e' >15, history of hypertension, diabetes, hypercholesterolemia, CHF, stroke, and ischemic heart disease (IHD). For multivariate analysis, significant P-value variables in univariate analysis and other important clinical variables irrespective of their univariate P-value were included into the model. P-values <0.05 were considered to be statistically significant. SPSS 15.0 (SPSS Inc, Chicago, IL, USA) was used for all statistical analyses.
Results

Clinical and Echocardiographic Characteristics of the Subjects
The mean age of the patients was 65.9±11.2 and 66% of them were male. Mean follow-up duration after enrollment was 17.7±5.3 months. Of the 488 patients, all-cause death occurred in 45 patients and cardiovascular death occurred in 29 patients. There were no significant differences in gender, history of hypertension, diabetes, hypercholesterolemia, CHF, stroke, IHD, CHADS2 score, or medications between the deceased group and the survivors. There were significant differences between the deceased group and the survivors regarding age, log NT-proBNP, hsCRP, and hemoglobin ( Table 1) .
There were no significant differences in interventricular septum thickness, posterior wall thickness, LVIDd, LVIDs, LV mass, and LVEF between the deceased group and the survivors. LA volume and LAVI were similar between the 2 groups. LVMI, E' velocity, and E/e' were significantly greater in the deceased group compared to the survivors ( Table 2) . Intraobserver variability of E/e' measurement was 3.9±7.2%, and interobserver variability was 4.3±8.4%, respectively.
The E/e' Ratio and All-Cause Deaths
To evaluate the effect of LV diastolic function or LV filling pressure on outcome, E/e' ratio was stratified according to allcause deaths and cardiac deaths (group A: E/e' ≤15, group B: E/e' >15). Of the 488 patients, 61 patients were in group B. Compared with group A, group B consisted of significantly Table 3) .
There were no significant differences in interventricular septum thickness, posterior wall thickness, LVIDd, LVIDs, RWT, and LVEF between the 2 groups. LA, LAVI, and LVMI were significantly increased in group B compared with group A (P<0.05, P<0.0001, and P=0.001). E velocity (P<0.0001), DT (P=0.001), and E/e' (P<0.0001) were significantly greater in group B. e' velocity was significantly smaller in group B (P<0.0001) ( Table 4) .
Kaplan-Meier analysis showed that the survival rate during follow up was significantly higher in group A than in group B (log rank P<0.001) (Figure) . Multivariate Cox-regression analysis identified 2 significant independent variables that were predictive of all-cause of deaths: hemoglobin concentration (hazard ratio (HR)=0.806, 95% confidence interval (CI)=0.733-0.886, P<0.0001), and E/e' >15 (HR =3.064, 95%CI =1.38-6.804, P=0.006) ( Table 5) . To investigate the possible impact of DT on outcome, patients were divided into 2 groups according to DT >140 ms (n=409 (83.8%)) and DT ≤140 ms (n=65 (13.3%)). DT was not a prognostic predictor in Cox-regression analysis.
Discussion
The principal finding of this study was that the E/e' ratio, an estimate of LV filling pressure, was a useful predictor of clinical outcome in patients with non-valvular AF with preserved Data are listed as numbers (percentage of group), mean ± SD. BSA, body surface area. Other abbreviations see in Table 1 . Data are listed as numbers (percentage of group), mean ± SD. Abbreviations see in Table 2 . PARK SJ et al.
LV systolic function, and a cut-off value of E/e' ratio 15 proved to be superior to other clinical or echocardiographic parameters as a prognostic indicator. The incidence of AF increases with age, 18 and among the population of over 65 years of age, about 10% have AF. Nonvalvular AF is an important clinical condition not only because of its strong relationship with ischemic stroke but also due to subsequent cardiac mortality and morbidity. 19 A number of previous studies have reported the prognostic factors on mortality in patients with non-valvular AF with various degrees of LV systolic dysfunction, and they were: diabetes, 3 increased age, 3,20 heart failure, 3,19,20 myocardial infarc- smoking, 3 and cerebrovascular disease. 3 Among these multiple factors, LV systolic dysfunction was the most common significant prognostic factor in non-valvular AF. However, prognostic indicators in non-valvular AF with preserved LV systolic function have not been clarified. The ratio of early transmitral flow velocity (E) to early diastolic septal mitral annular velocity (e') has been shown to be the most accurate non-invasive method of estimation of elevated LV filling pressure. 21-23 Increased value of E/e' ratio indicates a raised LV filling pressure in both normal sinus rhythm and AF, 9,22 and the E/e' ratio has been reported to be valuable for prediction of prognosis in patients in a variety of cardiac diseases. 6,11,12 E/e' ratio has also been validated for LV diastolic filling pressure assessment in chronic AF. 9 A recent study by Okura et al in 230 subjects revealed the E/e' ratio as a predictor of clinical outcome in patients with non-valvular AF. 10 Cumulative survival rate was significantly lower in the group whose E/e' was greater than 15 than in the group with E/e' ≤15. Considering this study, E/e' >15 seems a suitable index for predicting elevated LV end-diastolic pressure (LVEDP) in non-valvular AF. In our present study, we showed that an increased E/e' of over 15 is associated with risk of death in patients with non-valvular AF whose LV systolic function is preserved. To our knowledge, this is the first large-scale study showing that the E/e' ratio is the strongest independent echocardiographic prognostic predictor in this group of patients. The study by Okura et al did include a proportion of subjects with preserved LV systolic function, and although our study showed similar results, our results differ significantly from the previous study in terms of patient characteristics. The population of the previous study was heterogeneous with an admixture of subjects with decreased and preserved ejection fraction, whereas our subjects were limited to patients with preserved LV systolic function. Furthermore, although the study separately analyzed subjects with normal LV systolic function, the number of the subjects was relatively small. By exclusively enrolling a large number of subjects with normal LV systolic function among the patients with non-valvular AF, we could clarify the importance of E/e' as a predictor of clinical outcome in this group. Another important issue that separates our study from the previous one is the independence of the E/e' ratio as a risk factor regardless of age. According to our results, only the E/e' ratio and hemoglobin concentration were independent prognostic factors for mortality in patients with non-valvular AF with normal systolic function, whereas in the previous study, age was also an independent predictor. In the previous study, the mean age of the enrolled patients were relatively high (72±11 years), and clearly a number of significantly old subjects at diagnosis were included. This might have resulted in signifying age as a main factor on mortality. Our subjects were younger (mean age 66±11 years), and consequently we might have been able to eliminate the age factor and elucidate the importance of the E/e' ratio regardless of age. Regarding the hemoglobin concentration as a prognostic indicator, our study is in correspondence with a previous study that demonstrated anemia as an independent predictor of mortality and hospitalization in elderly patients with AF. 24 DT, which has been known as a strong predictor of mortality in patients with systolic dysfunction, was not a significant predictor of mortality in our study population, which consisted of patients with non-valvular AF with preserved LV systolic function. Previous studies have shown that DT ≤140 ms is a significant indicator of poor prognosis in patients with various cardiac diseases and also in AF, but the results were mainly limited to subjects with decreased LV systolic function. [25] [26] [27] Our study was performed to evaluate the echocardiographic and clinical prognostic factors in patients with AF whose systolic LV function is preserved, especially regarding the degree of LV filling pressure. DT was not a prognostic predictor in our study. This might be the main explanation for the discrepancy between the previous results and our results. Additionally, as our study subjects were restricted to patients with normal LV systolic function, only 65 (13.3%) patients presented with DT ≤140 ms. It might be possible to conclude that DT can serve as a predictor of mortality in patients with AF only when LV systolic function is decreased. There might be several reasons of this finding, which are: DT reflects not only LV filling pressure but also myocardial relaxation, and the extent of change in relaxation is quite variable in patients with preserved systolic function. This random fluctuation might have obscured any significance that the DT could have against prognosis in patients with preserved LV systolic function. This is supported by the fact that the DT is not a significant predictor of outcome in patients with hypertrophic cardiomyopathy. 28 Furthermore, as the value of DT similar in subjects with grade 2 diastolic dysfunction (ie, 'pseudonormal' mitral inflow pattern) and normal LV diastolic function, making it difficult to discriminate these 2 states by itself, DT might not be a suitable measure of diastolic dysfunction in subjects with AF and preserved systolic function.
Another interesting fact in our study is the subject of LA volume. LAVI is associated with diastolic dysfunction and is related to cardiovascular risk in various conditions 29-31 and is a predictor of outcome in patients with CHF and in sinus rhythm. 26 However, in our study, there was no significant difference in LAVI between the deceased group and the survivors. In AF, the subject of LA enlargement should be interpreted with more caution. Tachycardia-induced atrial myopathy leads to advanced remodeling of the atrium with fibrosis independent of increased LV filling pressure, 32 and consequently, LAVI might not be a useful surrogate of diastolic dysfunction in subjects with AF. Our results support this finding, and we conclude that LAVI might not be useful as a predictor of clinical outcome in AF, especially in cases with preserved LV systolic function.
Study Limitations
There are several limitations in this study. First, measurements of E and e' were not performed simultaneously. Beat-to-beat variation of the indices might affect the result of E/e' calculation in patients with AF. Following the methods from previous reports and recommendations by the American Society of Echocardiography (ASE), we used the average value of measurements from 5 consecutive beats for all Doppler analysis. Second, this was a single-center retrospective study. These results therefore need to be confirmed by a larger, prospective, multicenter study. Third, this study did not include the effect of drugs or hemodynamic alteration on E/e'. These parameters might have affected the prognosis of the patients. Fourth, NT-proBNP and hsCRP were not available in all of the patients. NT-proBNP was available in 255 patients (62.1%) and hsCRP was available in 341 patients (69.9%). This might have resulted in underestimation of the value of these indices as prognostic indicators, and this fact could need further elucidation.
Conclusion
Our data suggest that E/e', reflecting LV diastolic dysfunction PARK SJ et al.
and LV filling pressure, and anemia are strong predictors of all-cause mortality in patients with non-valvular AF with preserved LV systolic function.
